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Coxsackievirus A9 (CAV9), a member of the Enterovirus genus of Picornaviridae, is a common human
pathogen and is one of a significant number of viruses containing a functional arginine-glycine-aspartic acid
(RGD) motif in one of their capsid proteins. Previous studies identified the RGD-recognizing integrin �v�3 as
its cellular receptor. However, integrin �v�6 has been shown to be an efficient receptor for another RGD-
containing picornavirus, foot-and-mouth disease virus (FMDV). In view of the similarity in sequence context
of the RGD motifs in CAV9 and FMDV, we investigated whether �v�6 can also serve as a receptor for CAV9.
We found that CAV9 can bind to purified �v�6 and also to SW480 cells transfected with �6 cDNA, allowing
expression of �v�6 on their surface, but it cannot bind to mock-transfected cells. In addition, a higher yield of
CAV9 was obtained in �6-expressing cells than in mock-transfected cells. There was no similar enhancement
in infection with an RGD-less CAV9 mutant. We also found �6 on the surface of GMK cells, a cell line which
CAV9 infects efficiently by an RGD-dependent mechanism. Significantly, this infection is blocked by an
antibody to �v�6, while this antibody did not block the low level of infection by the RGD-less mutant. Thus,
integrin �v�6 is an RGD-dependent receptor for CAV9 and may be important in natural CAV9 infections.

Coxsackievirus A9 (CAV9), a member of the Enterovirus
genus of the Picornaviridae family, is a common human patho-
gen that causes central nervous system infections and myocar-
ditis as well as a range of milder illnesses (11, 43). The picor-
navirus particle is about 28 nm in diameter and consists of a
naked capsid with icosahedral symmetry, surrounding a posi-
tive sense RNA genome of around 7,100 to 8,500 nucleotides
(41). The capsid is made up of 60 copies of each of four
proteins, VP1 to VP4, and interacts with receptors during the
early stages of infection. A number of picornavirus receptors
have been identified, and they include several integrins (9).
Integrins are named for their role in integrating the intracel-
lular cytoskeleton with the extracellular matrix and participate
in a number of cell-cell, cell-matrix interactions. They are het-
erodimeric proteins with one � and one � subunit, and each
contains an exodomain, the site of interaction with ligands, a
transmembrane region, and a cytoplasmic domain. The 8
known � subunits and 14 known � subunits combine to give at
least 21 different heterodimeric combinations (16, 38, 40).

The arginine-glycine-aspartic acid (RGD) motif was the first
integrin-binding sequence to be identified (38) and is recog-
nized by several integrins (�5�1, �8�1, �IIb�3, �v�1, �v�3, �v�5,

�v�6 and �v�8). Picornaviruses from three diverse genera are
known to contain an RGD motif that is involved in cell entry:
foot-and-mouth disease viruses (FMDV) (Aphthovirus) (26),
human parechoviruses (Parechovirus) (5, 10, 17, 42); echovirus

9 (E9), and CAV9 (both Enterovirus) (6, 36, 51). In the case of
FMDV it is located in the prominent GH loop of VP1, whereas
in the other viruses it is located close to the VP1 C terminus
(14). Essentially all natural isolates of these viruses contain the
RGD motif (7, 21, 22, 32, 39, 52), although laboratory-adapted
or genetically engineered strains lacking the motif can be re-
covered and may grow well in some cell lines, indicating that
alternative, RGD-independent entry pathways are being used
(2, 8, 15, 24, 50). For instance, a series of CAV9 deletion or
substitution mutants lacking the RGD motif grow in several
cell lines, such as GMK and A549, albeit inefficiently (13, 15).
The mutants, including D4, which has a precise deletion of the
RGD tripeptide, have unimpaired growth in RD cells, showing
that this RGD-independent infection can be efficient in some
cell lines. The RGD-independent receptor(s) has not been
identified, and it is not known if the same molecule is used in
these different cell lines.

One known RGD-recognizing integrin, �v�3, is reported to
be involved in cell entry of E9, CAV9, FMDV, and parecho-
viruses (3, 18, 23, 32–35, 37, 44–46), but other species of inte-
grins have also been implicated in infection by the latter two
(19–21, 23, 35). Researchers have previously identified amino
acid sequence identity between the residues flanking the RGD
motif of CAV9 and part of latent transforming growth factor
�1 (TGF-�1), later shown to be a ligand for integrin �v�6 (7,
31). Moreover, FMDV has been shown to recognize �v�6, and
this picornavirus shares the same consensus sequence, RGDM/
LXXL, seen in CAV9 isolates (27).

These observations prompted us to investigate the potential
use of integrin �v�6 as a receptor by CAV9. Here we show that
CAV9 binds to purified �v�6 and to �v-containing cells trans-
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fected with the �6 subunit. In addition, the presence of the �6

chain greatly enhances susceptibility of the cells to CAV9 in-
fection but not to infection by the RGD-less mutant D4, while
antibody to �v�6 efficiently blocks infection in GMK cells.
Thus, �v�6 is a functional RGD-dependent CAV9 receptor.

MATERIALS AND METHODS

Virus, cell lines, and media. CAV9 (Griggs strain) was purified by sucrose
gradient centrifugation as previously described (6). RD cells were maintained in
minimal essential medium (MEM) containing 10% fetal calf serum (FCS), 2%
vitamins, 2% nonessential amino acids, and 100 �g of gentamicin/ml. GMK cells
were maintained in MEM containing 10% heat-inactivated FCS, 1% nonessen-
tial amino acids, and 100 �g of gentamicin/ml. The human colon carcinoma cell
line, SW480, transfected to express either the full-length human �6- or human
�3-integrin subunit and the mock-transfected cells (49), were cultivated in Dul-
becco’s modified Eagle medium (DMEM) supplemented with 10% FCS (heat
inactivated), 2 mM glutamine, penicillin (100 U/ml), streptomycin (100 �g/ml),
and 1 mg of Geneticin (Invitrogen)/ml. CHO cells expressing soluble human
�v�6 (49) were grown in DMEM supplemented with 10% FCS, penicillin (100
U/ml), and streptomycin (100 �g/ml).

�v�6 purification. Soluble human �v�6 was produced from transfected CHO
cells as described previously (49). Briefly, the cells were grown in roller bottles,
the medium was changed to serum-less DMEM, and the cells were incubated for
24 h at 37°C. The medium was then collected, clarified by centrifugation, filtered,
and concentrated by Centricon Plus-80 (Amicon). The integrin was bound to
RGD-Sepharose, washed with Tris-buffered saline (TBS) (pH 7.4) supplemented
with 1 mM MgCl2, 1 mM MnCl2, and 2 mM CaCl2, and eluted with TBS
containing 10 mM EDTA by overnight incubation. The yield was usually 5 to 20
�g per roller bottle. The identity of the isolated material was confirmed by
blotting, performed as described previously (49). The �v chain was recognized by
using a polyclonal antibody to �v�3 (AGK4; a kind gift from Merja Roivainen)
and a specific �v monoclonal (L230; American Type Culture Collection), and the
�6 chain was recognized by a �6-specific monoclonal antibody (clone CS�6,
MAB2076Z; Chemicon). No signal was seen when the blots were probed with
specific �3 or �v�3 monoclonal antibodies (clone B3A, MAB2023Z, and clone
LM609, MAB1976Z, respectively; Chemicon) (data not shown). The �v�6 prep-
aration was ca. 50 to 70% pure with some contaminating smaller-molecular-size
(ca. 60 to 50 kDa on nonreducing sodium dodecyl sulfate-polyacrylamide gel
electrophoresis) impurities (data not shown).

In vitro binding of CAV9 to purified integrins. �v�3 and �v�6 binding assays
were performed on Maxisorb 96-well plates (Nunc, Inc.). These were coated with
approximately 300 ng of �v�6/well, purified as described above (quantified by
spectroscopy), or with �v�3 (Chemicon) by incubating overnight at 4°C in 150 �l
of TBS (pH 7.4) containing 1 mM MgCl2, 1 mM MnCl2, and 2 mM CaCl2. The
wells were then blocked with 100 �l of the coating buffer supplemented with 2%
bovine serum albumin (BSA) for 2 h at room temperature. For virus binding,
different amounts of purified CAV9 were applied to the wells and were incubated
for 1 h. All binding and inhibition experiments were done in 100 �l, and for
binding the coating TBS buffer was supplemented with 0.1% BSA. Between steps
the wells were washed three times with this buffer. Binding was detected by using
a 1:500 dilution of rabbit antiserum against CAV9 and mouse anti-rabbit immu-
noglobulin G horseradish peroxidase-conjugated secondary antibody (1:1,000
dilution; DAKO). Substrate conversion by horseradish peroxidase was detected
at 492 nm after 30 min of incubation in the dark at room temperature, and the
reaction was stopped by the addition of 200 �l of 1 M H2SO4. To study peptide
blocking of �v�3-CAV9 binding, 90 �l of binding buffer containing the peptide
was mixed with 10 �l of the virus and was incubated with the immobilized
integrin. To enhance the poor peptide blocking effect on �v�6-CAV9 binding, the
integrin was preincubated for 30 min with peptide in a volume of 90 �l, followed
by the addition of 10 �l of virus and 1 h of incubation.

Flow cytometry analysis. Flow cytometry was performed as described previ-
ously (20). Briefly, cells were harvested with EDTA and were resuspended at �1
� 107 cells per ml in TBS, pH 7.4, containing 1 mM CaCl2, 0.5 mM MgCl2, 2%
normal goat serum, and 3% BSA (buffer A). Cells (30 �l) were incubated
sequentially with primary antibodies (10 �g of cell suspension/ml in buffer A) on
ice for 30 min followed by secondary antibodies conjugated with R-phycoerythrin
(Southern Biotechnology Associates). The primary antibodies were against �6,
clone CS�6 (MAB2076Z; Chemicon); �v�3, clone LM609 (MAB1976Z; Chemi-
con); �v�5, clone P1F6 (MAB1961Z; Chemicon); and �5�1, SAM-1 (Serotec).
The cells were then washed and resuspended in 1% paraformaldehyde in phos-
phate-buffered saline. Background fluorescence was determined in the absence

of the primary antibody. Fluorescent staining was analyzed by flow cytometry
using a FACSCalibur (Becton Dickinson) counting 10,000 cells per sample.

Virus binding assay. Cells, prepared in buffer A as described above (supple-
mented with 1 mM MnCl2), were incubated with purified CAV9 (5 �g/ml) for 1 h
on ice, followed by addition of the anti-CAV9 monoclonal (MAB947; Chemicon)
and a goat anti-mouse immunoglobulin G2b-specific, R-phycoerythrin conjugate.
All steps were carried out in the presence of 1 mM manganese. Background
fluorescence was determined under two conditions: in the absence of the virus
and in the absence of the anti-CAV9 monoclonal. Both background conditions
gave near-identical results.

Plaque reduction assay using purified soluble �v�6 integrin. GMK and RD
cells, grown on 6-well plates, were infected with 100 �l of 2 � 102 PFU of CAV9
preincubated with serial dilutions of the soluble purified �v�6 integrin for 30 min
at 37°C. The cells were washed with Hank’s solution and were covered with 0.5%
carboxymethyl cellulose in MEM supplemented with 1% FCS, glutamine, pen-
icillin, and streptomycin. The cells were incubated for 2 days and were stained
with crystal violet prior to counting plaques.

Virus blocking assays using anti-�v�6 monoclonal antibody. RD and GMK
cell monolayers in 24-well plates were washed with serum-free medium twice and
then were incubated with 1.0 to 10 �g/ml of mouse anti-human �v�6 antibody
(10D5; Chemicon) on a rocking plate at room temperature for 50 min. After this
time, 100 �l of a 104-PFU/ml stock of virus was added to the wells. The mono-
layers were incubated under the same conditions for a further 50 min. Two
milliliters of plaque overlay medium (0.5% carboxymethyl cellulose in growth
medium) was added to each well, and the plates were incubated at 37°C with 6%
CO2 for 2 to 3 days. The monolayers were then washed with phosphate-buffered
saline and were stained with 0.1% crystal violet.

Growth of CAV9 on SW480 cells expressing integrin �6 and �3 subunits.
CAV9 and the RGD deletion mutant D4 (105 PFU/ml) were adsorbed to con-
fluent monolayers of mock-, �3-, and �6-transfected SW480 cells on a rocking
plate at room temperature for 1 h before they were incubated at 37°C. Seventy-
two hours postinfection cells were freeze-thawed three times, and plaque assays
were carried out on the freeze-thawed suspensions.

RESULTS

CAV9 binds to purified integrin �v�6. To investigate the
potential of �v�6 as a CAV9 receptor, we used a solid-phase
assay to analyze the binding of CAV9 to the purified integrin.
We included �v�3 in these experiments because this integrin
has previously been shown to act as a CAV9 receptor (37). The
results (Fig. 1) showed that CAV9 binds efficiently to both
integrins in vitro. When 10 mM EDTA was added to the
binding buffer, CAV9 did not bind to either integrin, in agree-
ment with the expected metal ion dependence of RGD-inte-
grin receptors.

The specificity of the CAV9-integrin interaction was further
studied in blocking experiments by using synthetic peptides
(Fig. 2). Four different peptides were used: an RGD-contain-
ing peptide (GRGDSP) and its RGE-containing derivative
(GRGESP); an RGD-containing peptide based on the CAV9
VP1 C terminus (QSRRRGDMST); and an unrelated control
peptide (NGKKKNWKKIM) based on part of the human
parechovirus 1 (HPeV1) VP3 sequence. Figure 2A shows that
both of the RGD-containing peptides inhibit binding of CAV9
to �v�3 in a dose-dependent manner and that GRGDSP is a
more potent inhibitor than the CAV9-derived peptide. The
inhibitory effect of these peptides was specific, because the
control peptides had no effect on virus binding. Similarly, both
of the RGD peptides were found to inhibit CAV9 binding to
�v�6, although these peptides were less effective than �v�3

because a higher peptide concentration was required to inhibit
virus binding (Fig. 2B). In the case of �v�6, to demonstrate a
blocking effect it was necessary to preincubate the integrin and
peptide prior to adding the virus. In contrast to �v�3, the
CAV9 VP1-derived peptide was more efficient than GRGDSP
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as an inhibitor of virus binding to �v�6 and the VP3 control
peptide had a partial effect on virus binding.

CAV9 binds to cells transfected with the integrin �6-subunit
gene. The above data show that CAV9 binds to �v�6 in an
authentic cation- and RGD-dependent manner. We next
tested whether it can also recognize this integrin on the cell
surface. For these studies we used the human colon carcinoma
cell line SW480, stably transfected to express either human
�v�6 or �v�3 (Fig. 3A). Because manganese (Mn) ions are
known to enhance ligand binding to several integrins, including
�v�3 (18, 20, 21, 28, 40), these experiments were carried out in
the presence of 1 mM Mn ions (see Materials and Methods).
These studies showed that CAV9 binds only to SW480 cells
expressing �v�6 (SW480-�v�6) and not to the mock-trans-
fected cells (SW480-mock) or to cells expressing �v�3 (SW480-
�v�3).

Infection of SW480-�v�6 and SW480-�v�3 cells by CAV9.
We next determined whether the increase in CAV9 binding to
SW480 cells expressing �v�6 results in a productive infection.
SW480-mock, SW480-�v�6, and SW480-�v�3 cells were in-
fected with CAV9, and the level of virus present at 72 h
postinfection was determined by plaque assay. Figure 3B shows
that infection of SW480-�v�6 cells results in an increased level
of CAV9 over the input virus, but this is not seen in mock- and
�3-transfected cells. To confirm the role of the RGD motif in
infection of SW480-�v�6, we also infected these cells with the
RGD-less CAV9 mutant, D4. No significant increase in the
level of D4 was seen following infection of any of the cell lines.

GMK cells express �v�6. GMK cells have been used exten-
sively in studies on CAV9, as this virus grows efficiently on

these cells in an RGD-dependent manner. Therefore, we used
specific antibodies to determine the RGD-binding integrins
expressed on GMK cells. Flow cytometric analysis indicated
that GMK cells express the RGD-binding integrins, �5�1, �v�3,
�v�5, and the �6 subunit. Because the �6 subunit is normally
expressed at the cell surface only when associated with the �v

chain, these data indicate that GMK cells express �v�6 (Fig. 4).
Blocking of infection of susceptible cells by antibody to

�v�6. We then investigated whether �v�6 is used as a receptor
to initiate CAV9 infection of GMK cells. Infection-blocking
assays with an anti-�v�6 monoclonal antibody (10D5) revealed
that CAV9 infection of GMK cells (Fig. 5A) is efficiently in-
hibited by this monoclonal antibody. By contrast, the antibody
did not affect infection of GMK cells by D4 (Fig. 5C) or of RD
cells by CAV9 (Fig. 5B). An interaction between CAV9 and
�v�6 was further confirmed by an experiment using the purified
preparation of soluble �v�6 to inhibit CAV9 infection in a
plaque reduction assay. The preparation efficiently blocked
CAV9 infection in a dose-dependent manner (Fig. 5D).

DISCUSSION

Infection by CAV9 appears to be mediated through at least
two pathways, one dependent on and the other independent of
its RGD motif (15, 36). To date, the RGD-recognizing integrin
�v�3 is the only integrin implicated as a receptor for CAV9 (37,
44). In contrast, although FMDV has also been reported to

FIG. 1. In vitro binding of CAV9 to integrins �v�3 and �v�6.
(A) CAV9 binding to integrin �v�3. (B) CAV9 binding to integrin
�v�6. In each case 10 to 1,000 ng of virus was applied to wells coated
with approximately 300 ng of receptor. Each data point is the average
of duplicate measurements. There is no binding in the presence of
EDTA (1,000 ng of virus tested).

FIG. 2. Inhibition of CAV9 binding to purified integrins �v�3 and
�v�6 by RGD peptides. (A) CAV9 binding to integrin �v�3. (B) CAV9
binding to integrin �v�6. The peptides used were GRGDSP,
GRGESP*, QSRRRGDMST (based on the CAV9 VP1 C terminus),
and NGKKKNWKKIM (a control peptide based on part of the
HPeV1 VP3 protein). The y axis represents binding in the presence of
the appropriate peptide as a percentage of binding without added
peptide. The GRGESP peptide was used only at a concentration of 100
�M in the �v�3 experiment.
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recognize �v�3 (3), it additionally interacts with several other
integrins, including �v�6 (18–21). The amino acid sequence
immediately following the RGD tripeptide in CAV9 and
FMDV is similar (see Introduction), which prompted us to
investigate whether there is an interaction between �v�6 and
CAV9. In the present study we have shown that �v�6 is a
receptor for CAV9. Several main findings support this conclu-
sion. (i) CAV9 binds to purified �v�6 in an authentic cation-
and RGD-dependent interaction. (ii) CAV9 binding to SW480
cells is greatly enhanced following transfection with �6 cDNA,
which allows expression of �v�6 at the cell surface. (iii) Infec-
tion of SW480 cells is also enhanced by expression of �6. This
infection is also dependent on the VP1 RGD, because infec-
tion of SW480 cells by an RGD-deleted CAV9 mutant, D4,

was not enhanced by �v�6 expression. (iv) GMK cells express
�v�6, and infection of these cells by CAV9 is inhibited by a
function-blocking monoclonal antibody to �v�6.

Our in vitro studies indicated that CAV9 can interact with
purified �v�3 and �v�6 in a solid-phase assay (Fig. 1), and
hence both can potentially act as a receptor for virus attach-
ment to the host cell. In each case, binding is specific as it is
reduced substantially by the addition of RGD-containing pep-
tides (Fig. 2). These peptides were less effective in blocking
CAV9 binding to �v�6, possibly suggesting that the CAV9-
�v�6 interaction is of higher affinity. The generic peptide,
GRGDSP, is a poor inhibitor of FMDV binding to �v�6 ex-
pressed on CHO cells (19), consistent with the weak effect this
peptide had on the interaction between purified �v�6 and
CAV9 (Fig. 2B).

In addition to binding to purified �v�6, we showed by flow
cytometry that CAV9 can also bind to SW480 cells expressing
this integrin (Fig. 3A) (49). In contrast, CAV9 did not bind to
mock-transfected SW480 cells lacking the �6 subunit or to
SW480 cells expressing �v�3. Binding differences of CAV9 to
SW480-�v�6, SW480-�v�3, and SW480-mock cells were also
reflected in the infection of these cells (Fig. 3B). CAV9 growth
in SW480-�v�6 but not in SW480-�v�3 or SW480-mock cells
gave a significant increase in yield over the input level. In
contrast, the RGD-deleted mutant D4 did not show discrimi-
nation between these cells, indicating that infection of SW480-
�v�6 is RGD-dependent. Thus, CAV9 binds to �v�6 in vitro,
while expression of this integrin on the SW480 cell surface
confers the ability to bind and be infected by CAV9. �v�6 can
therefore act as a functional RGD-dependent CAV9 receptor.

It has been reported that infection of SW480-�v�6 cells by
another enterovirus, coxsackievirus B1 (CBV1), is enhanced
relative to that of mock-transfected cells (1). This observation
is enigmatic, as CBV1 does not contain an RGD motif and

FIG. 3. Flow cytometric analysis of CAV9 binding to SW480 cells expressing �v�3 or �v�6 and enhanced growth of CAV9 in cells expressing
�v�6. (A) Control cell samples were processed in the absence of virus (filled histogram). Virus binding (open histogram) was detected on
SW480-�v�6. Virus binding was not detected with SW480-mock or SW480-�v�3 cells. (B) Levels (in PFU) of CAV9 and the RGD-less derivative
D4 obtained when grown on monolayers of SW480-�v�3 (b3), SW480-�v�6 (b6), and SW480-mock (mock) cells for 72 h. The input virus inoculum
is also shown (labeled “original”). The results are an average of duplicate measurements.

FIG. 4. Flow cytometric analysis of integrin expression on GMK
cells. Cells were stained with integrin-specific monoclonal antibodies
(open histogram) as indicated on the figure. Control cell samples were
processed in the absence of the primary antibody (filled histogram).
Antibodies: �6, CS�6; �v�3, LM609; �v�5, P1F6; and �5�1, SAM-1.
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therefore would not be expected to interact with �v�6 in the
usual way. It is known that �6-transfected cells have an
increased growth rate, and this, or another effect on signal-
ing, could alter the cellular environment and affect CBV1
replication (49). However, in our experiments D4 did not
show increased infectivity of SW480-�v�6 cells (Fig. 3B), so
it seems more likely that enhanced infectivity of CAV9 is a
direct effect arising from the use of �v�6 as an RGD-depen-
dent receptor.

The simian cell line GMK has been used extensively to study
CAV9 infection (15, 36, 37, 44, 47). We therefore investigated
whether infection of this cell line could also be mediated by
�v�6. Flow cytometry showed that several RGD-recognizing
integrins are present on GMK cells (Fig. 4). The level of �v�6

appears to be low but is significant, because a function-block-
ing �v�6 antibody efficiently inhibited infection of GMK cells
by CAV9 (Fig. 5A). It is, however, known that ligation and/or
cross-linking of an integrin at the cell surface may activate
intracellular signaling pathways that modulate the function of
other integrin species expressed on the same cell in a process
termed integrin cross-talk (4). Although we believe it unlikely,
it is therefore possible that the effect of the anti-�v�6 mono-
clonal could be to downregulate the activity of other integrin
molecules used by CAV9 on GMK cells rather than simple
blocking of the �v�6-RGD interaction. The fact that purified
�v�6 blocked infection in a dose-dependent manner (Fig. 5D)
argues against this nonspecific effect.

The almost complete blocking of infection by anti-�v�6 sug-
gests that �v�6 is the major receptor used by CAV9 to initiate
infection of GMK cells. Other RGD-recognizing integrins ex-
pressed on these cells, including �v�3, may not be as important
in entry, although the residual levels of infectivity may be due
to interaction with other integrins. In this connection, it is
interesting that the previously reported levels of blocking of
CAV9 infection by �v�3 antibodies (around 50%) (44, 47) are
much less than that observed here for anti-�v�6. Despite this
relatively weak effect on infection, �v�3 antibodies can com-
pete with CAV9 for binding to GMK cells, while expression of
�v�3 on CHO cells makes these cells susceptible to CAV9
binding and infection (44), suggesting that �v�3 can act as a
functional receptor in both these cell lines. The failure to infect

SW480-�v�3 cells is therefore surprising, given that SW480-
�v�6 cells were infected. It is likely that more than one mole-
cule is required for CAV9 entry, and GRP78, �2-microglobu-
lin, and major histocompatibility complex class I have been
implicated in other cells (44, 47, 48), while we have observed
that some CAV9 strains can utilize heparan sulfate (unpub-
lished data). One possibility is that SW480-�v�3 cells do not
possess the full repertoire of cofactors required for a produc-
tive infection mediated by �v�3 entry, while these cofactors are
present on GMK and CHO cells. An absence of a critical
factor could potentially prevent virus binding if it were to
lead to a subtle alteration in protein conformation, and this
may explain the disparity between the in vitro binding of
CAV9 to �v�3 and the lack of binding to SW480-�v�3 cells.
Surprisingly, given that �v�3 is considered an RGD-depen-
dent integrin, binding of CAV9 to CHO cells expressing
�v�3 is not dependent on the RGD motif, because an RGD-
less mutant can still bind to these cells (46). This RGD
independence contrasts with the RGD-dependent infectivity
of SW480-�v�6 cells by CAV9 (Fig. 3) and may contribute to
the apparent difference in functionality of �v�3 expressed on
SW480 and CHO cells.

The data presented here provide the first evidence that in-
tegrin �v�6 is a receptor for CAV9. This is interesting in light
of the observed sequence similarity between the regions sur-
rounding the RGD motifs of CAV9 and latent TGF-�1, a
ligand for �v�6 (31), although TGF-�1 has also been reported
to interact with �v�1, �v�8, and �8�1 (25, 29, 30). This may
suggest that �v�6 is an important receptor for CAV9 in natural
infections as well as in the cell lines tested here. The RGD
motif is a feature of all natural isolates of CAV9, although
specific mutants lacking it can be generated in the laboratory
(7, 15, 39). These grow less well than their RGD-containing
parent in many cell lines and show reduced pathogenicity in a
mouse model (12, 13, 15). While previous studies have related
the function of the RGD motif only to interactions with the
integrin �v�3, we have shown here that CAV9 can also interact
with �v�6 and that this interaction is biologically relevant. This
is consistent with the expression of �v�6 on epithelial cells, the
initial site of enterovirus infection.

FIG. 5. Plaque reduction assays. (A to C) Blocking effect of an antibody to �v�6 (10D5) on the infection of cells by CAV9 and the RGD-less
mutant D4. �, no antibody; �, 1.0 �g of antibody. (A) CAV9 on GMK cells; (B) CAV9 on RD cells; (C) D4 on GMK cells. (D) Blocking of CAV9
infection in GMK cells by purified soluble �v�6. Inhibition was measured by plaque reduction. Bars represent different amounts of �v�6 incubated
with CAV9 prior to addition to the cell monolayer.
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Antigenic properties of human parechovirus 1. J. Gen. Virol. 81:1709–1718.
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